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Slow modulations called binaural beats are perceived when tones 


of different frequency are presented separately to each ear. The 


sensation may show how certain sounds are processed by the brain 
i) if 


pitch are struck simultaneously, the 
resulting sound waves and wanes pe- 
tiodically. The modulations are referred 
to as beats; their frequency is equal to 
the difference between the frequencies 
of the original tones. For example, a 
tuning fork with a characteristic pitch of 
440 hertz, or cycles per second !A above 
middle C on the piano), and another of 
43+ hertz, if struck at the same time, will 
produce beats with a frequency of six 
hertz. 
In modem investigations tuning forks 
are replaced by electronic oscillators, 
which can supply tones of precisely con- 
trolled pitch. purity and intensity. Beats 
are produced when the outputs of two 
oscillators tuned to slight!y different fre- 
quencies are combined electrically and 
applied to a loudspeaker. Alternatively, 
the signals can be applied individually 
to separate speakers and the beats will 
still be heard. The result is the same 
whether the tones are combined electri- 
cally and then converted into sound, 
or converted into sound separately and 
then combined. 
A quite different phenomenon results 
sane stereophonie earphones are used 
i and the signals are applied sepurately to 
jeach ear, Cader the ri: ght circumstances 
beats can be perceived, but they are of 
Jan entirely different character. They are 
‘called binaural beats, and in many ways 

| they are more interesting than’ ordinary 
| beats, which in this discussion will be 

' cailed monaural. Monaural beats can be 

; heard with both ears, but one ear is suffi- 
c:ent to perceive them. Binaural beats 
require the combined action of both ears. 
They exist 2s 2 consequence of the inter- 
action of perceptions within the brain, 
and thev can be used to investigate some 
of the brain's processes. 


[ two tuning forks of slightly different 





by Cerald Oster 


The physical mechanism of monaural 
beats is a special case of wave interfer- 
ence. At anv instant the amplitude of the 
resulting sound is equal to the algebraic 
sum of the amplitudes of the original 
tones. The signals are reinforced when 
they are in phase, that is, when the peaks 
and nulls of their waves coincide. De- 
structive interference diminishes the net 
amplitude when the waves are in oppo- 
sition. The pure tones used in these ex- 
periments are described by sine waves; 
the resulting beats ere slowly varying 
functions similar to, but not precisely 
conforming to, a sine wave. 

A beat frequency of about six hertz, 
as in the example given above, would 
sound something like vibrato in music 
valthongh vibrato is frequency modula- 
tion rather than amplitude modulation). 
If the interval between frequencies is 
made smuller, very slow beats can be 
produced, down to about one per sec- 
ond, but at this speed the beats may be 
difficult to perceive. Rapid beats, up to 
about 30 hertz, are heard as roughness 
superimposed on the sound, rather like 
a Scotsman’s burr. With still greater in- 
tervals beats are not heard; the two 
tones are perceived separately. 


Bus are rarely encountered in nature 

because in nature sustained pure 
tones are rare. They abound, however, 
in mechanical devices. In an airplane. 
jet engines operating at slightly different 
speeds may produce a very strong-beat, 
often recognized only as a feeling “in 
the pit of the stomach.” Acoustical en- 
gineers can filter out the whine of the 
engines, but the slow vibrations are dif- 
ficult to suppress. Occupants of apart- 
ment houses may be annoved by beats 
produced by machinery, such as two 
blowers running at diferent speeds, but 


they will have a hard time finding the 
source. 

On the other hand, beats are used t. 
advantage where frequencies must be 
determined precisely. Electrical engi- 
neers compare the output of a test os- 
cillator with that of a standard oscillator 
by detecting the beats produced when 
their signals are combined. The tuning 
of pianos is another process that depends 
on beats. Typically the piano tuner will 
first listen for the beats produced by a 
tuning fork of 440 hertz and the A above 
middle C, and tighten or loosen the A 
wire until the beats slow to zero. He 
then strikes the A key and the D key be- 
low it and tunes the latter wire until 10 
beats per second are heard. That fre- 
quency is produced by the interaction of 
the A string’s second harmonie, or sec- 
ond multiple (2 x 440 = 880), and the 
D string’s third harmonic (3 x 290 = 
870). In this fashion, key by key, the 
piano is tuned; in theory it could be 
done even by someane who is tone-deaf. 

Binaural beats were discovered in 
1839 by a German experimenter named 
HW. Dove, but as late as 1915 they 
were considered a trivial special case of 
monaural beats. It was argued that each 
ear was hearing sounds intended for the 
other. This extraneous result could be 
eliminated by placing the tuning forks 
in separate rooms. with the subject in 2 
third room between them, and guiding 
the sounds through tubes to each ear. It 
was necessary to carefully seal each tube 
to the head, however, and another ob- 
jection was raised: that sound presented 
to one ear could be conducted through 
the skull :o the other. Bone conduction 
is well established, and indeed some 
hearing aids operate on this principle. 
although sound is attenuated a thou- 
sandfold from ear to ear. 


ace 


The possible contribution of boue 
conduction to the perception of binaural 
beats is eliminated, however, by the use 
of modern stereophonic earphones, Such 
earphones have padding, often liquid- 
filled, to insulate. the head from the 
sound source, and are designed explicit- 
iy to prevent conduction effects. Indeed, 
stereophonic recordings played through 
2arphones can sound unnatural because 
-he instruments seem tov isolated. 

The difference most immediately ap- 
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parent between monaural and binaural 
beats is that binaural beats can be heard 
ouly when the tones used to produce 
them are of low pitch. Binaural beats 
are best perceived when fe carrier fre= 
quency is about 440 hertz; above that 
frequency they become less distinct and 
above about 1,000 hertz they vanish al- 
Yogether. No person I have tested re- 
Ports hearing beats for frequencies 
above 900 hertz. Experimental condi- 
tions, particularly the intensity of the 
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sounds and the type of earphones used, 
can affect the results, however, and oth- 
er investizators report detecting beats 
produc ed by tones up to almost 1,500 
hertz. At the other end of the scule beats 
also become elusive. Below about 90 
hertz the subject may confuse the beats 
with the tones used to produce them. 
J.C. R. Licklider of the Massachusetts 
Institute of Technology developed a 
technique when he was working at Har- 
vard University to measure a spectrum 































































































SINE WAVES COMBINE TO PRODUCE BEATS in this illustra- 
ton based on oscilloscope traces. The two waves at the top are of 
“tightly different frequency; whea they are combined, the result- 
ine wave at the bottom varies slowly in amplitude. The variations 





are beats and would be perceived acoustically 2s modulations in 
loudness. If the two signals were presented separately to each esr, 
binaural bests would be beard. These differ in character from 
mongural, or ordinary, bests and are generated within the brain. 





scptec te the cars 0 that linaural beats 

“ jovdured, and Atle secompamied in 
cach eat by noise just loud enough to 
eoseure the tones, the beats hecone 
raore distinct. In gn analogous e¢peri- 
ment with monaural sicuals only the 
worse Wall be heard. In the laboratory 
the source of noise is an eluctrome device 
that generates a random signal called 
white noise, which sounds something 
like the swish of the wind through 
swamp grass. When it is added to the 
signals at the proper loudness. the origi- 
ia) tones cannot be heard, but the noise 
seems to be modulated by the beats. The 
enhancement of binaural beats by noise 
is explained by L. A. Jeffress and his col- 
jeagues at the University of Texas in 
terius of chance reinforcement. At any 
instant the amplitude of the noise will be 
more hkely to be reinforced if the am- 
plitudes of the signuls are in coincidence. 
When the amplitudes of the signals are 
in opposition, destructive interference is 
more likely. 


i [[istening to binaural beats produces the 
illusion that the sounds are located 
somewhere within the head. This in it- 
self is hardly extraordinary: when music 
is played through stereophonic ear- 
phones, the orchestra seems to be some- 
where in the head rather than “out 
there.” It is intriguing. however, that 
when the beats are very infrequent. few- 
e: than about three per second, they 
scem te move back and forth in the head. 
lf the intensities of the two tones are dif- 
ferent, the motion takes an elliptical 
path. 

This apparent movement may be ex- 
plained by the connection between bin- 
aural beats and the mechanism by which 
the brain senses the direction of sounds. 
Fur low-frequency signals, such as those 

ased to produce binaural beats. sound 

s iscalized primurily by detecting the 
uficrence in phase between the sounds 
hing the two ears [see “Auditory 
alization,” by Mark R. Rosenzweig; 
\STENTIFIC AmEnican, October, 1961]. 
sounds of low frequency have wave- 
vvngths much longer than the diameter 
vo the head; as a result the sound travels 
around the head by diffraction. Lord 
Ravlaigh, the 19th-century English 
phy Sicist, Gueulated that a tone of 256 
dortz middle C) striking the head from 
the side would reach the far ear with 90 
‘Percent of the intensity it had at the near 
tar Jn other words, the head is not an 
obstriction tu sounds af low pitch, and 
focitlization by the detection of relative 
intensity w auld be inefficient for those 
frequencies. 

Localization by detection of phase dif. 
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VERCEPTION OF BEATS depend> on the manner in «hich tones are presented to the 
cart. In there schematic reprerentations the applied tones at the Jeft can be assumed to be 
of low pitch and separated in frequency by a ssnall interval. The four diagrams a1 the top ar. 


* represent the monaural condition. When signals of the tame inten-ity eguel amplitude) 


are combined, the beats vary from loudness to tilence. With ripnal: of different loudness 
sunequal amplitudes the intensity of the heats-t reduced. When one tone is ‘below the =~ 
threshold of hearing (subthreshold. no beats ere perceived. Mf the tones are accompanied 
by nolee fort lond enough to ob~cure them, agsin no heats are heard. In the four disgrama 
at the bottom, representing the binsoral condition. the wave farms at the Jeft are the same 
ar thore shove bul are prevented to each ear separately. Under there conditions beats are 
heard whether the signal: are of equal er of uuequal amplitode and even if one Je eub- 
threshold. If nofee marks the tones, binaural beats are eiill beard, modulating the noire. 
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EXPERIMENTAL METHOD for generating monaural beats uses two electronic o-cillatore 
and a network. here called a mixer. to combine their outputs. Each ear bears » composiie 
signal: the beat- can be heard with one ear or both. With the o-cillators tuned to the fre- 
quencies shown. six beat: per second (440 hertz minus 434 hertz! would be perceived. 





° QSCILLATOR™. 
“490 HERTZ— * 
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BINAURAL BEATS are produced when each oscillator x connected teparately to one ear- 
phone. Again the heat frequency is sin‘herts, but in this mode the heats are bers distinct. 
Whe i + are produced by the physical interference of two round waver, hin- 
aural Leut- wre a result of the interaction ef auditors signal» occurring within the brain. 
S 
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¢ the setting of the 
ence osilatu: end repeated the Pp 
dure. Ji this way the range of per cpt: 
of cach subject was recorded 

Another distinguishing characteristic 
of Litaural beats 1s thei: muffed sound 
Monaur.! beats produced with sound: ot 
equal items pulse tron: londness to 
silence, as the wave form would sug. 
gest’ baaural beats. on the ather hand, 
are only a sight modulation of « loud 
background r have tried to estumate the 
depth of the 
fo he about © decibels, or about a 
tenth theTougnes: of a whisper In order 
to help subiects recognize these relative- 
ly faint efiects 1 usually present signals 
with monsural beats and then suddenly 
change te the tenaural mode With tones 
of ubout 340 hertz it usually takes two 
or thive se. ends for the subject to recog. 
nize the binaural beats. 




















Te produce a monaural beat that varies 

from a maximum to complete silence 
the loudness of the two signals must be 
identical; if the signals are mismatched, 
the instantaneous amplitude of the alge- 
braic sum will alwavs be greater than 
zero. As the @:ference in intensity in- 
creases, the beats become less distinct 
Binaural beats. on the other hand, have 
the same apparent strength regardless 
of the relative intensities of the two 
tones. In fact. E. Lehnhasdt, a Berlin 
audiologist, discovered that binaural 
beats are perceived even if one of the 
signals is below the threshold, of heanne 

J. J. Groen of the State University of 
Utrecht has studied this phenomenc:: 
Working with tones of about 20 hertz. 
he found that beats were perceptih' 
when one signal had a loudness of 4! 
decibels and the other a loudness ot 
minus 20 decibels, a hundredth the Joud- 
ness of barely audible sound. Evidently 
the brain is able to | to detect and_proces< 
nals even. though o one of them is 
k to impinge on consciousness. 
én the experiment is attempted n man- 
aurally, only the louder suund, without 
beats, is heard. 

A perhaps related effect is the inter- 
action of noise and binaural beats. Norse 
ordinarily masks sounds one wants to 
hear. For example, “static” sometimes 
overwhelins a weak radio signal. The 
perception of Binaural beats, however, is 
eahancet hy mie, 

When two Saicopriste tones are pre- 









ma to the place theory, the impalses 
vanseotied by the auditory ncnves re- 
nect (he dutensity of the sound but not 
the freqneney; what pitch is perceived 
» detenained by the place on the coch- 
wa Where the nene originates. “ 

Above sbout 5.000 hertz the place 
theory seems tu be adequate to describe 
pitch perveption. At lower frequencies, 
however, the mechanical response of the 





Lasilar membrane is too unspecific tu ac- } ears [scc Wustration on page 101}. Actu- 
.ount for the precision with which the ° 


ear ideutifies tones. Furthermore, at- - 


tempts to test the theory by excising in 


experimental ammals those nerve fibers : 


that should be the sole carriers of low- 
irequency tones have been unsuccessful. 

For the frequencies between 500 and 
2.000 hy Ernest Glen Wever of 
arimveie: Umversity in 1939 proposed 
the volley theory. Although individual 
ierve fibers cannot fire more than 500 
umes per second, a group of nerve cells 
could exceed this rate by fring in succes- 
son, Wever suggested, much as platoons 
i an infantry company could fire their 
weapons in successive volleys. Thus 
while some nerve cells are in their re- 
fractory period others are producing 
pulses. The fading of binaural heats at 
rrequenuies between 500 and 1.000 
“hertz suggests that the mechanism of the 
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CY SOUNB LOCALIZATION also requires bin- 
Stra) hrering, but dificrences in intensity rather than phase are 
The wavelength of a high-pitched tone is smaller thun 
the diameier of the head and a di-tinet sonle shadow fe formed; 


heats follows the telephone theon: id. 
at the higher frequencies, follaws the re- 
lated volley theory. 

Interaction of the signals froin the two 
ears probably occurs at the brain center 
ndined the superior olivary Nucleus. As 

Me Mvssuves ascend the auditory path- 
ways to be processed and interpreted 
at higher centers, this is the first center 
in the brain terreceive signals from both 





ally there are two superior olivary nu- 
clei; they are arrayed syminetrically on 
each side of the bram, and each is a 
terminus for nerve fibers frou: both ears. 
They have long been considered likely 
; Sites for the neural processing of low- 


frequency sound impulses. 
— ee 


I experiments with cats Robert Ga- 

lambos showed in 1959 that loud 
clicks stimulating both ears generate 
nerve impulses that meet in the superior 
olivary aucleus. When the clicks are 
simultaneous, the signals are reinforced 
at some site in the superior olivan nu- 
clens. When a slight delay is introduced. 
however, the resulting signal is inhib- 
ited. Thus a small phase shift gives rise 
to a weaker perception of sound. I+ is 
presumabiv for this reason that one tends 
to turn toward the source of a sound 
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and eliminate the phase difere: 
When one as hstening through ¢. 
phones, of course. turning the head has 
no cflect on the phusse of the signals. 

Nerve potentials at the superior cl- 
varv nucleus of the cat have been mes- 
sured duectly, With human subjects 
it is possible to measure these signals 
by recording evoled potentials: smal! 
changes in the electrical properties of 
the scalp produced as a result of uctiv- 
ity of the brain. Becsuse they are objec- 
tive indicators of certain brain functions 
evoked potentials haxe chimea} applica- 
tons. For example. in cases of possible 
hysterical blindness evoked potentials 
from the scalp above the occipital lubes 
can Getermme whether or not the bran 
rerecetving vaiswal ini then Similarly. 
5 used to detect 
deafness im infants. which 1© otherwise 
guite difficult to d:sgnose. The poten- 
tials are very smali ‘measured in mi- 
crovoltsi and are obscured by many 
random signals not associated with 
the stimulus. They can be measured on 
an oscilloscope, but special procedures 
raust be followed 

First. the horizontal sweep of the os- 
cilloscope must be svnchronized with 
the st-omlus; this is done by using the 
Stimulus current tr triccer the start of 













thus one car receiver more sound than the other. This mode of 
sound Jocalization is less arcarate than phase detection eacept at 
very high frequencies, The tranrition takes place at about 1.000 
hertz; at this frequency too the perception of binaural bests wanes. 








ferences ts highly efficient, however. In 
an upen areca with no refiecting struc- 
tares one can locate a low-pitched sound 
to within 10 degrees. To do so reauues 
detecting a phase difierence of Jess than 
milhsecond, a feat accomplished 
out difhculty by the mnechatusm of 
binaural hearing. The sane phase differ- 
ence 15 present in the tones that produce 
binaural beats, which is why slow beats 
seem to be in motion. A source of sound 
ievelvirg around the head would pro- 
ducc a similar sensation. 

For sounds of higher pitch the wave- 
length is comparable to or smaller than 
the size of the head, and the head acts 
asa bamier, so that the ear in its shadow 
receives almost no sound. Above about 
3,000 hertz sound localization is gov- 
ered primarily by intensity rather than 
phase differences. It is significant , that 
the ability to hear binaural beats also 
wanes when the tones presented ap- 
proach 1,000 hertz. Direction-finding at 
the higher frequencies is less accurate 
than it is for low-pitched tones up to 
about 6,000 hertz, when the pinna (the 
externa) ear) becomes effective as an aid 
ta Joculization. 

The auditory mechanisms manifested 
in the perception of binaural beats aid 
human hearing in another way. It has 
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LOCATION OF THE SOURCE of a sound is determined for lon- 
yitehed tones by detecting the difference in phase between signals 
urriving at coach ear. In this ilostration » campretrion wave hast 
teached the Ieft car while the right is near a masimum of rarefac- 


oiten been ubserved that the ability to 


select and listen to a single conversation 
ins iutable of background noise is a se- 
markable and valuable liuman faculty. 
This phenomenon. sometimes called “the 
cocktail party effect.” iss dependent on 
Dinars! heared. Ht is. in duct. an appli- 
cation of the enhancement of phase per- 
ception with noise also seen inthe per- 
ception of binaural beats. 

Hearing gencrally deteriorates with 
age. Yet I Lave found that older people 
are able to detect binaural beats and 
to locate sounds almost as well as the 
voung. At 5,000 hertz the auditory acu- 
ity of a man of 60 is, on the average, 40 
decibels Lelow that of a man of 20, and 
the highest pitch he can hear, §,000 
hertz, is half that heard by the younger 
man. His acuity for low tones. however, 
is barely affected, and evidently his 
phase perception is also undiminished. 


A\ Ye is the neurological basis of bin- 
aural beats? The simplest explana- 
tion is that the number of nerve impulse: 
from each ear and the route they travel 
to the brain are determined bv the fre- 
quency of the incident sound. snd that 
the two nerve signals interact some. 
where in the brain. ; 
One theory of the perception of pitch. 
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pred by We Biatherford 3+ 
tuiated that the car conve: 
vibrations into electneal siz 











i:apuls, for cach evele of the 
ht fibers can respanid te: 
ul onl up to about 500 hertz, }: 
so thar the telephone theory could di - 
senbe the behavior of the car 
the lin 
ma 
theory, whicl 
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eribed pitch diss rin 
hamical propertics of the 
cochlea. or inner ear. The cocilea iy a 
cone-shaped, flid-filled vessel rich in 
nerve endings and coiled ihe sna’ 
shell. © Cochlee” is Latin for si...) The 
coiled tube of the cochlea ic ‘din 
half along its length by the bas men 
brane, which vibrates a response te 
sound Georg vou Bénésy found by di- 
rect visual observation that a sound of a 
certain, frequerev will make the basilar 
< mos: noticeably in a 
“sec “The Ear.” by Georg 
-: SCIENTIFIC AMERICAN, Au- 
















eV G2, excites receptor cells in the vi- 
cinity of the bulge and thus excites the 
nerve fibers connecting the receptor cells 
to the auditery ares of the brait: Accord- 





Aion. By detecting toch a phare difference the ears can find the di- 
rection of 2 Tow frequency tune ty an scevoracy of about 10 duprees. 
At these freqnencies linle round ix blocked by the head: the wave- 
length is Jarger then the head and sound i 





diffracted around it. 
ae 











EVOKED POTENTIALS for subjects listening to monaural beats are shown in # photo- 
raph of an oscilloscope screen made by the author with Adam Atkin and Neil Wother- 
spoon at the Mount Sinai School of Medicine. Tones of 300 hertz and 303 hertz were pre- 
tented to each ear; an electrode attached to the rcalp was used to measure electric potentials 
in the kin evoked by underlying electrical activity in the brain. By eynchronizing the hori- 
zontal sweep of the oscilloscope with the beat frequency it was possible to correlate these 
+mail potentials (measured in microvolte) with the stimulus. The steplike wave form at the 
top of the screen is a signal used to time the oscilloscope sweep: the rise of each pulse cor- 
responds to the moment of maximum londness of the beat. The periodic wave helow it Te: 
cords the evoked potentials. It consist: of the average values for each point on the curve, 
determined by a small computer (a signal-averager) after many iterations of the procedure. 





BINAURAL EXPERIMENT was conducted under the same conditions, except that the 
tonet were presented separately to each ear. Evoked potentials were once again cuccessfully 


srecorded, but they differed frum those detected under monavral conditions in amplitude, in 


wove form and in timing with recpect to the stimulus. These differences suggest that binau- 
ral beats are processed an another way or at another site in the hrain than nionanral beats 
sare. In the iHuetration the amplitude of the evoked potentials appears to be about the same 
as tie for manaural beats; ft is actually much smaller. For clarity the vertical ecale of the 
wxciloscope has been capanded, 2s can be +ccn by comparing the apparcnt amplitudes of 
the timing signals. In both iJloctrations Lright arcas not associated with the muin wave form 
are extraneous signal, produced by residual noire gencruted in the recording apparutus. 


the sweep. In addition, a great many 
tracings must be made in order to obtain 
unambiguous data. A computer knows. 
as a signal-averager stores a series of 
tracings electronically, then on com- 
mand adds the instantaneous potentials 
of all the tracings to produce a coin 
posite signal. Because the extraseous 
random potentials have no fixed phuse 
relation to the stimulus they are progres- 
sively suppressed as the number of trac- 
ings increases. 

If binaural and monaural beats are in- 
deed processed at different sites in the 
brain, 1t should be possible to detect this 
difference by measuring the evoked po- 
tentials. With my colleagues at the 
Mount Sinai School of Medicine, Adam 
Atkin and Neil Wotherspoon. I sct out 
to test this hypothesis. Because the stim- 
ulus Was a continuous tone rather than 
a brief click, it proved particularly difh- 
cult to obtain clear tracings. Eventually 
we learmed that for effective results the 
subject must concentrate on the beats 
while in total darkness. This is a boring 
task, since the binaural! beats are ondies 
tinct and many tracings must be aver- 
aged. Often the subject experiences 
auditory ]u!lucinations unposing 4 spu- 
rious pattem cn the sound. which spcils 
the results. Nevertheless. after many 
iterution: of this procecure we were 
able ti demonstrate that the evoked 
potentials produced by binaural” and 
monaural beats differ qualitatively ‘and 
quantitatively, indi at: 
processed differe atly [sec illustrations 
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[pyeeore beats may have clinice] ap- 
plications. With some of my stu- 
dents I examined a number of neurologi- 
ca] patients and discovered that 2 few 
could not hear binaural beats. Among 
these paticnts a few could not localize 
sounds (produced by the examiner's 
snapping his fingers}. It may be signifi- 
cant that some of those who could not 
hear the beats suffered from Parkinson's 
disease, a disorder of the central nervous 
system characterized by a lack of spon- 
taneous muscular activity, an immobile 
facial expression and tremor. One pa- 
tient, a violinist, was unable to hear bin- 
aural beats when he entered the hospi- 
tal. As his treatment continued he be- 
gan to perceive the beats produced bv 
the very lowest tones, and gradually he 
progressed to higher frequencies. At the 
end of a week, when his condition was 
considered satisfactory, he could hear 
beats produced by tones up to about 650 
hertz. 
A sex-related variation in the ability 











Unique instructional gomes dexgned 
verity professors to moke learnmg fun 
the ough broin-to-brain oction. Begining gomes 
conbemoriered by young children— finol games 
will challenge intelligem odults, Thee ore 
the femous GAMES FOR THINKERS trom 
WEF 'N PROOF Publishers. 
WFF'N PROOF (logic) 
QUERIES 'N THEORIES (science) 
EQUATIONS (mothemotics) 
ON. SETS (set theory) 
PROPAGANDA (social studies) 
ON-WORDS Iword structures) 
CONFIGURATIONS (geometry) 
TRI-NIM «pr obiem solving) 
REAL NUMBERS (oritnmetic) 
WEF (beginner's logic) 
QWIK-SANE {puzzie) 
TAC-TICKLE (pure strotegy) 
Teocher's Manual 
RODIN'S THINKERS BOOKENDS 
Complete 12-kit THINK TANK & 
Teochers Manvel 

with bookends (Save 10.25) $9 50 

without bookends (Sove 9.25) 49 50 
Order from: WEF 'N PROOF, 1111-NE 

Mople Avene. Turte Creek, Po. 15145 
"DOSIAgS Included in above onices 
Fully gvoronteed Ceoler nowries invited 
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j iw the pes n of binaural beats dur- 
ig the mens:rual cycle. When the beats 
“are not heard, women often hear two 
separate tones. Men, on the other hand, 
“i show no variation during the month. 





 Fhese results suggest that the binaura- 


wobeat spectrum may be influenced by the 


we Fore) of estrogen in the blood. 


H Binaural beats have been widely re- 
“ Tgarded as a mere curiosity. A recent text- 
|W book on hearing does not mention them 
> fab all. Yet the :ncasurement of binaural 
jf heats can explain the processes by which 
Higounds are located, a crucial aspect of 





i 
+ 


perception. The enhancement of th 

beats by noise is a model of the mecha- 
nism by which auditory messages are “Y 
sorted from a noisy background. That 
subthreshold sounds ase effectively ren- 
dered audible by binaural beats suggests 
that there may be other stimuli proc- 
essed by the brain of which we are not 


‘aware. Finally, it is possible that hor- 


‘monally induced physiological or be- 
'havioral changes tou subtle to detect by 


{ ordinary means may be made apparent 


by measuring the binaural-beat spec- 
i trum. 
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BEAT FREQUENCY (HERTZ) 





TONE FREQUENCY (HERTZ) 


SPECTRUM OF BINAURAL BEATS was measured by J. C. R. Licklider, J. C. Webster 
, and J. M. Hedlum. Rapid beats, up to about 26 per second. can be heard when the tones 
‘used to produce them are about $40 hertz. With tones of higber or lower pitch the maxi- 
mum heat frequency declines. When the interval exceeds about 30 hertz, two tones are heard. 





PERCENT 





FREQUENCY (HERTZ) 


STN RED ATED VARIATION in the perception of binaural beats i+ plotted from data com: 
piled hy JL\. Tobias. As the pitch of the tones used to produce beats increases, both men 





